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Finalement, les propriétés physiques des fibres de chitosane ont été étudiées à travers leur 
caractérisation mécanique, un aspect de grande importance pour son application dans 
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l’ingénierie tissulaire des vaisseaux sanguins, où il est bien établi le besoin des propriétés 
mécaniques similaires à celle d’un vaisseau sanguin natif.
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Abstract?
Chitosan hollow fibers in the solid or hydrogel forms are of considerable interest 
for biomedical applications, especially for tissue engineering. Chitosan hollow 
fibers with a variable internal diameter were obtained from the wet-spinning 
method in interrupted coagulation conditions by water washings baths. For the 
determination of the ??????????????? ???????? ??? ???????? ???? ?????????? ??? ????
????? ?????????????? ?c??? ??? ???? ???????????? ??????????? ??? ?????????????
????????? ??????????? ???? ????????????? ???????? ???? ????????????? ??? ??????????
???????????????????????????????????????????????????????????????????????????
???? ?????????? ??????? ???????????????? ???? ??????? ??????????? ???? ????
??????????? ??? ???? ????????? ??????? ?d????d??? ????? ???? ??????? ??????? ???????????
?N1??????????????????????????????????????????????????????????????? ????????????
?????? ????????? ??? ??????????? ??? ???? ???????????? ????? ??? ???? ????????????
???????????? ????????????????????????????????????????? ??? ?????????????????
??? ???? ????? ?????????????? ???????? ???? c?? ????? ??????? ?? ???????????? ?????? ???
?????????????????????????????????????????????
Introduction?
??????? ???? ????????? ???? ??????????????????? ??????????? ??? ???????? ??????? ??
???????????? ???? ????????????????????? ?????????? ??? ???????????? ????????? ????????? ??
??????? ???? ??? ??????????? ???????????? ?????????? ??????????????????????? ??????????????? ????
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???????????????????????????????????????????????? ???????????????????????????????????????
???? ????????? ??????????? ???? ??????????????????????? ???? ??????????? ?????????????? ???
???????????
There has been a considerable interest in developing chitosan hollow fibers due to several 
biomedical applications, particularly for tissue engineering, i.e., for the regeneration of tissues 
with substrates of tubular shape (e.g., blood vessels substitutes and nerve guide tubes). ???????
???? ????????? ??????? ??????? ??????? ??? ??????????? ??? ????????????? ????????????????
????????????????????????????????????????????????????????????????????????????????????????
???????? ?????????? ??????? ????????????? ??? ??????? ????? ???????????? ???? ???? ??? ???????????
???????????????????????????????????????????????????????????????????????????????????????????
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??????????????????????? ????????????????????????????? ????????? ??????????????????????? ????
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Experimental?section?
Chitosan?purification.????????????????????????????????????????????????????????????
??? ????????????? ????????? ????? ????? ????????? ??? ??????? ?? ?????????????????????? ?????????
???? ?????????? ??? ????? ?????? ??? ??? ??????? ????? ???????? ????????? ????? ???? ??????????
??????? ??? ????? ??? ???????? ???? ??????????????? ???????????? ??? ???? ????? ??????? ??????
??????????????????????????????????????????????????????????????????????????????? ?????????
?????????? ????????????????????????????????????????????????????????????????? ?????????
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1H?nuclear?magnetic?resonance?spectroscopy.? ?????????????? ???????????? ????????
????????????? ??????????? ????? ???????????????????? ?????????? ????????????? ???? ???????
?????? ??? ??? ?????? ??? ?????? ?????? ??? ????????? ?????????????? ?????????? ??? ????? ??? ????
???????????????????????????????????????????????????????????????????????????????????
????? ????? ??? ??? ???? ???? ??? ???? ???????? ????? ???? ?????? ??? ???? ????? ??? ???? ???????
???????????????????????????????????????????????????????????????????????????????????????????
???????????????? ????????????????????????????????
Size?exclusion?chromatography?coupled?with?multi?angle?laser?light?scattering.?
???? ??????????????? ?????????? ??????? ??? ????????? ???? ?? ???? ???? ??????? ????
??????????????????????I?? ?????? ??????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????? ?????????????????
???? ?? ???????????? ???????????? ??????????? ????????? ?????????? ??? ?????? ??? ??????? ?????
?????? ???? ??????????? ?????? ?????????? ?n??c? ???????? ??? ???? ??? ??? ??????????? ???
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Rheology? of? chitosan? acetate? solutions.? ???? ???????????? ??????????? ??? ?????????
?????????? ????? ???????? ??? ?????? ??? ?? ??? ???????????? ???? ?????? ?????????? ???
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??????????????????????????????????????????????????????????????? ??????????????????????????
???????????????????????????????????????????????????????????????????? ??
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????????? ???????????? ????????????? ???? ??????????? ???? ???? ???????????? ??? ??????????? ????
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Figure?1.? ????????????????????????? ??????? ??????????? ?????? ???????????????????????
?????? ??? ??????????? ??? ???????????? ?????? ??? ????????? ??????? ??? ?????? ???????? ?????? ???
??????????? ??????????????????????????????????? ??????????????????
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??????????????? ?????????????????????????????????? ????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????? ??????
???????? ????????????????????????????????
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????? ???????????????????? ???????????????? ????? ????? ???? ?????????????????? ???????????
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????????????????????????????????????????????????????????????????????????????????????????
???????? ???????????????????????????????????? ? +3NH ?? ???? ????????????? ????? ?????????
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????????? ??? ???????????????????????? ??? ???????????? ?????? ????????? ???? ?????????????
??????????????????????????????????????????????????????????????????????????????????????
???? ????????????? ??? ???? ???????????? ???????? ????? ?????? ???? ???????? ??? ?????????? ????
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Figure 12. Apparent coagulation rate ( / t? ) as a function of coagulation bath 
concentration for two chitosan dope concentrations (2.9 and 5% w/w). Experimental data are 
compared with results reported in the literature. 240, 243  
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??????? ??????? ???? ????? ????????????? ??? ???????? ?? ?????? ???????????? ???? ?????????
????????? ????? ??? ????? ??????? ????? ????????? ??? ??????? ???a?? ??? ?????? ????? ????
???????????? ????? ??? ???? ???? ????????? ????? ???? ??????? ??? ?????? ??? ???? ???????? ????
???????????????????????????????????????????????????????????????????????????????????????????
??????????????q?????????????????????????????????????????? ????????????????????????????????
???? ????? ?????????? ??????? ??? ???? ??????????? ??? ???? ????????????? ?????????????
???????????? ?????????????????????????????????????????????? ??? ???????????????????? ????
????????? ??????????? ???????? ?????? ???? ????????? ?????????? ??????? ?? ?????? ????? ?????????
???????????????????????????????? ???????????????????????????????????? ??????????????????????
???????? ?? ???????????? ????????? ??? ????? ??? ????? ????????? ??? ???? ????????? ??????????? ????
???????????????????????????????????????????????????????????????????????????????????????????
?????????????????????
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b) Mw = 200 000 g/mol
1x10-4 1x10-3 1x10-2
107
108
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u.
a.
)
q (nm-1)
 Mw = 200 000 g/mol
 M
w
 = 515 000 g/mol
a)
?
Figure?2.4?a??????????????????????????????????????????????????????????????????????????
????? ????????? ???????? ??? ???? ?????????? ???????? ???? ?? ???????? ??????? ??? ?? ????? ???
???????????????????????????????????????????????????????c??????????????????????????????
????????? ???????? ?????????? ???? ????????? ??? ???? solution? neutralization? route? ?????
???????? ????????? b?? ????? ?????? ??? ?? ????????? ????????? ????????? ????? ?? ?????????
?????????? ???????????????????
?
???? ?????????? ?????? ???? ????????? ????????? ??? c?? ?? ????? ?????? ???? ????? ???????? ???
?????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????
????????????????? ???? ?????????? ??? ???? ??????????????? ?????????
????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????
??? ??? ???? ??? ???? ???????????????????????? ???????? ???? ??????? ???? ?????????? ???
???????????? ????????????? ???????? ???????? ??????? ???? ???? ??????????? ????? ??? ???????
???????? ??????????????? ????? ????? ???? ????????? ???????????????????????? ????
??????????????????????????????? ????? ???????? ????????? ??? ???? solution?neutralization?
route? ????? ???????? ????????? ??????? ???? ????????? ???? ????? ??????? ?????????????? ???
?????? ??????????????? ????? ????????? ??? c?? ?? ????? ??????? ??? ????? ???????????????? ????
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????????? ??????????????? ?????? ??? ?????? ?? ????? ???????? ???????????? ??????????? ??????
?????????????????????????????????????????????????????????????????????????????????????????
?????? ????? ??????? ???????? ?????? ????? c?? ??? ???? ???? ????? ??????? ???? ???? ???????? ??? ???? ????
???????????????????????????????????????????????????????????????????? ?????????????????
????????????????????????????????????????????????????????? ??????????????????????????????????
?????? ?? ?????? ????????? ???? ??????? ??? ???? ??? ??? ???? ?????????? ??????????? ???? ????? ???
????????? ????? ???? ?????????? ??? ???? ?????????? ??? ???? ????????? ???????? ?????????????????
??????????????????????????????????????????????????????????????????????????????????????
????????????????? ???????????????????????????????????
a?? b??
Figure?2.5??????????????????????????????????????????????????????????????????????????
???????????????????c????????????????????????????????solution?neutralization?route??????
???????? ???????? ???????????? ??????????????? ??????? ????????? ???????? ??????? ????
??????????????????q? ??????? ?????????? ?????????? ?????????? ???????????????????????? ?????
????? ?????????? a?? ????? ???????????????????????? ????????? ???? b?? ?????
?????????????????????????????????????????
?
Quantitative? study? of? the?microstructural? organization.? ???? ??????????????? ???
???????????????????????c??????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????
???????? ????????????? ?????????????? ??????????? ?????????? ?????????????????????????? ???
?????????????
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?????????a??????b???????????????????????????????????????????????????????????????????
????????? ??? ???? ????????? ??????????? ???????????? ???????? ????? ????? ????? ????????????
??????????? ??????????? ???????? ??? ???? ????? ????? ????? ????? ???????? ???????? ?????? ????
???????????????c?????????????????????????????????????????????????? ??????????????????????
???? ??????????????? ???????????????a??? ??? ?????????? ???? ??????????????? ??????? ??????????
???????????????????????????????????????????????????????????????????????????????????????
???????c??????????????????????????????b???????????????????????????c????????????????????
??????????b???
??????????????????????????????? ?????????????????????? ??????????????????????????c????
???????????????c?????????????????????????????????????????????????????????????????????
???????????????? ??? ??????????? ??? ????????? ???????? ???? ??????? ???????? ????????????????
???????????????? ??????? ???????? ????????????????? ????? ??????????b????? ??????? ???????????
??????? ???????? ???? ???? ??? ??????? ???????? ?????????? ???? ???????????? ???????????
??????????????
?
10-4 10-3 10-2
103
104
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107
108
Slope ~ - 2
 cp = 0.01 % (w/w)
 cp = 0.05 % (w/w)
 cp = 0.1 % (w/w)
I (
u.
a.
)
q (nm-1)
?
10-4 10-3 10-2
106
107
Slope ~ -1
Slope ~ -1
I (
u.
a.
)
q (nm-1)
 cp = 0.3 % (w/w)
 cp = 0.5 % (w/w)
 cp = 1 % (w/w)
?
a?? b??
Figure?2.6??????????????????????????????????????I????????????????????????????????????????
q??????????????????????????????????????????????????????????????c????????????????????????
???????????????????????????????????????????????????????????????????????????????????
??? ?? ???? ??????? ?? ??????? ???? ???????????? ??? ???????? ????????? ???? ?????? ?????? ??? ?a??
?????????????????????????????????????????????????????????? ?????????????????
?
?????? ?????????????????????????????????? ??????????????? ?????????????? ???????????
????????????? ??????????????? ???? ??????????? ????? ???? ???? ?????????????? ????????
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????????????????????????????????c???????????????????????????????????????? ????????????????
in?situ???????????????????????????????????????????????????????????????????? ?????????????
??????????????? ????? ????? ????? ?????? ??? ????? ??? ?????? ??? ??????? ???? ??????????? ????
??????????? ????????? ??? ????????? ?????????? ??? c?? ?? ?????? ?????? ??????? ?????????
????????????????????????????????????????????????????????????????? ??????????????????????
??????? ???????????????????????????????????????????????????????????????????? ????????? ????
???????????????????????????????????????????????????????????????????????????????????????????
??????????? I?q??? ????????????? ??? ???? ???????? ???????????????????? ??? ????????? ??????????? ???
???????????????????????????????????????????q????????????????????????????????????????????
I?q?? ?? C?q?? ???? ??? ??????????? ?????? ??? ?? ??? ??????????? ??? ?? ?????? ????????? ??????????
????????????????????????????????????
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   cp = 0.05 % (w/w) 
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)
q(nm-1) ?
Figure?2.7??????????????????????????????????????I????????????????????????????????????????
q? ???? ????????? ???????? ?????????? ??????? ???? in? situ? ????????? ???????? ??? ???? solution?
neutralization? route? ????? ???????? ????????? ?? ?????????? ???????????? ????????? ????
????????? ??? ??????? ?? ?? ??? ??? ???? ?? ?????????? ???????????? ???????????????? ???? ??? ????
???????????????????????????????????? ?????????????????????????????????????????????? ????
c????????????????? ???????????????????????????????? ???????????
?
????????????????????????????????????????????????????????????????????????????????? ????
??????????????????????????????????????????????????????????????
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?????????????????? ???????????????????????????????? ?????? ?????? ??????????????? ??? ????
?????????????????????????????????????????????????????????????????? ?????????????????????
??? ??? ?????? ???? ??? ???? ???? ???????? ???????????? ???????? ? ???? ??????? ???? ??? ??? ????
???????????????
???????????????????????????????????????????????????????????????????? ?????????????????
???????????????????????????????????????????????????????????????????????????????????????
c?? ???????? ????? ???? ????? ?????? ???? ??? ??????????? ??? ????????? ???????? ???? ????????
???????????? ????? ????? ???????????????? ??????????? ????????? ???? ???? ?????????? ???????? ???
??????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????? ????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????? ???????????????????????????
??????????????????????????????????? ?????????????????????????????????????????? ?????
????????????????????????????????????????????????????????????????????????????????????????
???????????? ????????? ?????????? ??? ?????? ??? ?????????? ???? ???????????????? ???? ??????????
???????????????? ???? ?????????? ?? ????????? ??? ??? ?? ???? ??? ????????? ??? ???? ????????
?????????????????????????????????????????????????????????????
?
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a?? b??
Figure?2.8? ????????? ??? ????????????????????? ??? ????????? ??????????? a?? ?????????
??????????? ??? ?? ????????? ????????? ????????? ????? ???? alcoholic? gelation? route? ???? ??
???????? ??????? ??? ?? ???? ???? ??? ?? ?????? ???? ??? ?????????????????? ???? ???? ??? c?? ?? ???
?????? ???? ????? ???????????? ????? ???????? ????????? ???? ?????????? ????????? ???
???????????? ??? ??????????? ?????????????????????? b?? ????? ???????????? ??? ?? ?????????
???????????????????????????????????????????????????????????????????????????????????????
????????????????????? ????????????????????????????????c???????????
?
??? ??? ?? ????? ????????? ????? ????????? ??? ????????? ????????? ??????????????? c?? ? ?????
?????????????????????????????????????????????????????????????????????????????????????????
???c?????????????????????????????????????????????????????????????????????????????b?
???? ??????? ?????? ??????????? ??? ????????? ??????????? ??????????? ????? ????????????????? ??????
????????????????????????????????????????????????????????????????????????????????????????
??????? ????? ???? ????????? ?????????? ????????????? ??? ?????????????? ?????????? ??? ????????????
?????????? ??????????????????????????????????????????????????????????????c?????????????
?????????????????????????????????????c??????????????????????????????????????????????????
??????????????????????????????????????????????????????????? ????????????????????????????
??? ?????????? ??? ????????????? ??? ????? ??????? ???? ??????????? ????????? ??? ?????????
?????????? ??? c?? ?? ????? ?????? ??????? ???? in?situ? ????????? ???????? ???????? ??? ????????
???????? ????? ??????? ?????? ???? ????????? ??? ???? ???????? ?????????? ?????????? ????
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?????????????????????????????????????????????????????????q?????????????????????????????
????????? ??? ???? ????????? ????????? ??????????? ????? ???? ??? ??? ????? ???? ??? ?? ???????? ????
?????? ????????????????????? ????????? ??? ???? ???? ???????? ??? ???? ?????????????? ??? ????
??????????????????????????????????????????? ???????????? ?????????????????????????????
????????? ?????????????? ????? ??????? ????????????? ???? ??? ?????????? ??? ????????
???????????????????????????????????
10-4 10-3 10-2
104
105
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107
450 s
30 sSlope ~ -1
cp=0.3% (w/w)
I (
u.
a.
)
q(nm-1) ?
Figure?2.9??????????????????????????????????????I????????????????????????????????????????
q? ???? ????????? ???????? ?????????? ??????? ???? in? situ? ????????? ???????? ??? ?????????
??????????????? ????? ???????? ????????? ????? ????? ?????????? ????? ???????? ?????????
?????????? ????c???????????????? ???????????????????????????????? ??????????
?
???????????? ????????? ?????????? ??? c?? ?? ??? ?????? ????? ??????? ????? ????? ?????
?????????????????????????????????q???????????????????????????????????????????????????
????????? ???? ?????? ??? ???? ???????????????? ???????????? ????????? ????????q?????? ??????? ?????
????????????????????????????????????????????? ???????????????????????????????? ????????
????????????????????????????????????????????????????????? ????c?????????????
?
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Figure?2.10??????????????????????????????????????????????????????????????????c???????
???????????????????????????????????????? ???? solution?neutralization?route??????????????
????????? ??? ?????? c?? ???????? ?? ????????????? ????? ????? ????????? ??? ???? ?????????
???????? ????????? ???? ???? ???? ??? ??????? c?? ????? ???? q? ?????? ??? ???? ???????? ??? ????
???????????????????????q????????????????????????????????????c?????????????a?????????????????
?????????? ??? ????????? ???? ??????????? ??????????? b?? ?????????? ????? ??????? ??? ?????????
?????????? ????????????? ??? ?????????? ??????????? ??? c?? ???????????? ????? ????? ????????? ????
???????????????????????????????????????? ????????????????????????????????????????? ??????
?????????????????????????????????????????????????????????????????????????????????????
????????
?
??????????? ???????? ??? ???? ??????????? ????????????? ??? ?????????? ????? ????????? ???
????????????? ????????????????????????????? ??????? ????????????????????? ???????? ?????
?????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????? ????????????????????????????????????????????????????
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Figure?2.11???????????????????????????????????????????????????????????????????c????
????? ??????? ????? ????? ?????????? ????? ????????? ???????? ?????????? ???? ?? ???? ????
???????????????????? ?????????????????????????????????????????????????????????
?
Effect? of? the? processing? route.? ???? ??????????? ?????? ??? ????????? ??? ????????? ???
??????? ????? ?????? ???? ??????????? ??? ????????? ?????????? ???????? ???? ??????? ??? ????
???????????????????? ???????? ??? ??????????? ???????????????????? ?????????????????????? ???
???? solution?neutralization? route???? ??????????????? ?????????? ?????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????alcoholic?gelation?
route???? ???? ????????? ??????????????? ??????????????? ?????? ??????? ??? ??? ???? ????????? ????
???????????? ???????????? ??? ?????? ?????? ???? ???? ?????? ??? ????? ??????????? ??? ?????
???????????? ????????????? ???? ???????? ??????? ????????? ??? ???????? ??? ???? ???? ????
???????????????????????????????????????????????????????????????????????????????????????????
??? ????????? ????? ?????? ?????????? ??????? ????? ????? ???????? ???????????? ????? ????????
?????????
??????? ????? ????????? ???? ??? ????? ??????? ??? ????? ????????? ????? ???? ????????? ???
??????????????? ??????????????? ???????? ???????? ?c?? ?? ????? ??????? ???? ???? ? ????? ???
????? ????????? ????? ?????????????????????? ?????????? ?c?? ????? ????????????????????? ????
??????????? ??????? ?? ?????????????????????????? ????????????? ?????? ??? ??????? ????????? ???
?????????????????????????????????????????????????????????????????????????????????????
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???????????????????????????????????????????? ????alcoholic?gelation?route?????????????????
?????????? ?????????????? ?????? ???????????? ??? ??????????? ????????????? ???? ?????? ??? ?????
??????????????? ???? ??????????? ????? ???? ????????? ??????????? ??? ?????????????? ????????
??????? ???? ????????? ???????? ??? ???? ?????????? ??? ????????? ???????????? ??? ???? ????????
?????????????????????????????????????????????????????????????????????????????????????????
???????? ???? ????????? ???? ???? ???????????? ????????? ???????? ??? ????? ????? ???? ???????????
?????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????alcoholic?gelation?
route? ?????????????????????????? ??????????????????????????????????????? ????????????????
??????????????????????????????????????????????????????????????? ??????????????????????????
??????????????????????
Solution?neutralization?route? Alcoholic?gelation?route?
? ?
a?????????????????????????????????
??????????
c????????????????????????????????????
? ?
b????????????????????????????
??????????????????????
d???????????????????????????????????????
????
Figure?2.12??????????????????????????????????c???????????????? ???????????????????
??????????????????????????????????????????????????????????????????????????????????????
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?????????? ????????? ????? ???? solution?neutralization? route? ????? ???????? ????????? a??
????????????????????????????b????????????????????????????????????????????????????????
????alcoholic?gelation?route???????????????????????????????????????c????????????????????
????d????????????????????????????
?
Effect? of? the? nature? of? the? base.? ???? ??????? ??? ???? ????????? ?????? ??? ?? ??????
??????????? ?????????? ??? ????????? ??? ???? ???????????? ??? ????????? ????????? ?????? ??? ????
?????????? ?????????? ????????? ????????? ???? ????? ????????? ????? ???????? ????????? ???
????????? ???? ??????? ??? ?? ?????????? ????????? ?????? ??? ???? ???????????? ???? ??????????
?????????????????????????????????????????????????????????????????????????????????????
????????? ???????????????? ???? ????????? ????? ????????? ???? ???????? ????? ???? ?????????
???????? ?????????? ????? ????????????? ?????????? ??? ????????? ?????????? ??? ?? ????????
??????????????????????????????????? ???????????????????????????? ?????????????????????????
?????????????????? ?????????????????? ???????????????????????? ????????????????????????? ???
???????????????? ?????????????????????????? ???????? ???? ??????????????????????????????????
????????? ????????????? ??????????? ????? ???? ????????? ??????? ????????? ????? ????????
???????????????????????????????????????????????????????????????????? ????????????????????
???????????a?????????????????????????????????????????????????????????? ??????????????
???????????????????????? ????????????????????????????????????????c?????????????????????
?????????????? ??????????????????????????????????????????????????????????????????????????
??? ??????? ????a.???? ????????? ????? ????? ???? ??????????????? ????? ???????? ???? ????????
???????? ????????? ?????? ????????? ??? ???? ???????? ???????? ???? ????? ?????? ????? ???????
????b??? ???? ??????? ????????? ????? ??? ????? ?? ?? ???? ??????????? ??? ???? ??????? ?????????
????????????????????????????????????????????????????????????????????????????????????????????
?????????????? ????????????? ?????????? ??? ???? ????????? ????? ?????????????? ??????????????
???????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????
?????????? ???????? ????????????? ??????????????????? ??????????? ??? ???? ???????? ????????
???????? ??? ????? ??? ??????????? ????????? ?????????????? ??? ????? ???????????? ????? ????
???????????????????
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Figure? 2.13? a?? ??????????? ????? ?????????? ???????????? ???????? ???? ????????? ???
????????? ??? ????????? ?????????? ??? c?? ?? ????? ??????? ???? ?????? ??? ???? ?????????? ??? ????
???????? ??? ???? ??????????? ???????????? ???????? ??? ????????? ??? ????????? ?? ??? ?????????
?????????????????????????????????????????????????????????????????????????????? ?????
???????????????? ????????????????????????? ??? ?????????? ???????????? ????????????? ????????
????????? ????? ?????????? ??? ???? ?? ???? ?? ??? b?? ????????? ????? ??? ???? ?????? ??????????
????????????
?
??????????????????????????????????? ????????????????????????????????????????????????
??????????? ??? ???? solution? neutralization? route? ????? ?????? ??? ????????? ?????? ????
?????????????????????????????????????????? ????????????????????????????????????????????????
???????????????c??????????????????????????????? ???????????????????????????????????????
?????????????? ???? ??? ???? ??????????? ??????????? ????????? ??? ?? ???????? ??????????????
???????? ???????? ???? ???? ??? ??????? ?????????? ??? ???? ????? ???????????? ??? ????????
???????? ????? ??????? ?????? ?????????????? ???? ?????????? ??? ???? ????? ????????? ??? ??????
?????????????? ????? ????? ???? ?? ??????????????? ?????????? ?? ??????? ??????????? ?????
??????????????????????????????????????????????????????????????????????????????????????
??? ?? ??? ???? ??????????? ???? ?????? ???????? c?? ?? ???? ???? ????? ??????? ?????? ??? ?? ??????
???????? ?????????????? ??????? ?????? ???? ??????? ???? ?????????????? ??? ???? ?????????
?????????????????????????????????? ????????????????????????????????????????????????? ????
????????????????????? ???????????? ????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????
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a?? ???????? ?
????? ????? ???
b?? ?????? ?
????? ????? ???
Figure?2.14??????????????????????????????????????????????????????????????????????????
???????? ????? ????????? ??? ??????????????? ?????? a?? ????? ???? ?? ???? b?? ????? ?? ???
?????????? ???????????????????????????????????????????????????????????????????????????
???? ?????????? ??????????????????????????????????????????????????
Conclusion?
???????? ?????????????????????????????????????????????????? ??????????????? ??????????
??? ????????? ????????? ????? ???? ????????? ??? ????? ????? ????????? ?????????? ???? ???
??????????? ?????????? ??? ???? ????? ??? ?????????????? ???????? ????? ?????????? ????????????
????? ??????????? ???? ?????????? ??? ???? ????????????????? ???????? ??? ???? ????????? ????????
?????? ?????? ????????? ????????? ?????????? ??????????? ??? ??????????? ?????????? ?????
???????????? ????????? ??? ?????????? ????? ????? ????? ?????????? ??????????? ??? ?????????
????????????????????????????????????????????????????????????????????????????????????????
  136
??????????????? ????????????????? ???????????????????????????????????????????????????????
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pour? l’élaboration? des? fibres? creuses? multi?
membranaires?
3.1?Contexte?expérimental?
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?????????????????? ??????????????????????????????????????????????????? 
E Le filage par voie humide (or wet-spinning) ????????? ?? immerger? ????????????????? ????????????? ???????? ???
???????????? ?????????? ???????????????????????????? ???????????? ???????? dans lequel le chitosane est neutralisé 
et régénéré à l’état solide comme hydrogel. 
Etude? expérimentale? ?? ???????? ??? ??????? ??? ?????????? ????? ?????????????? ???? ??????? ???????? ??????
?????????????
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3.2?Conditions?expérimentales?
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??????????????????????????????????????????????????????????????????????????????????????????
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????? ??? ????? ??? ??????? ?d?? ?????? ?????????? ???? ??? ???????????????? ?a??? ??? ???????? ???
???????????? ???????????????? ?????????????????????????????????????????????????? ???????
???????????????????????????????????????? ??????????????????????????????????????????????
??????????????????? ?????????????????????????????????????????????????????????????????
???????????? ??? ??? ??????? ????? ??? ??????? ???? ????????? ???? ??????? ?????? ???
????????????????????
?
????????????????????????????? ???????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????
?
Tableau? 3.1? ??????????? ??????????????? ?????????? ????? ??? ????? ??? ?????? ??? ???
????????????????????????????????????????????????????????????????
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Etude? expérimentale? ?? ???????? ??? ??????? ??? ?????????? ????? ?????????????? ???? ??????? ???????? ??????
?????????????
 
 147
?????????????????????????????????????????????????????????????????????????????????????q?
????????????????????
?
?
Figure? 3.2? ??????? ??????????? ??? ?????????? ???????????? ???? ??????? ???????? ????
?????????????????????????????????????????????????????????????????????
?
?????????? ???????????????????????????????????????????????????????????????????????????
?????????? ???? ?????????? ????? ??? ????????? ??? ???????????? ??? ????????? ?????????
????????????????????????????????????????????????????????????????????????????????????????
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????? ???????? ??? ???? ??????? ??? ???? ?????????? ??? Colloids? and? Surfaces?B:?Biointerfaces?
2003,?27?????????????
????? ?????????????????????????????????????????????????????????????J.?Polym.?Appl.?Sci.?1999,?72??
???????????
????? ??????????????????????????????????????????????????????????Biomacromolecules?2001,?
2???????????
????? ???????? ??? ???? ????????? ??? ???? ??????? ???? ?????????? ??? Encyclopedia?of?polymer?
science?and?technology??????? ????? ?????????????????
????? ?????????????????????????????????????????????Trends?in?Food?Science?&?Technology?1999,?
10?????????????
????? ???????????? ?? ?????Reactive?and?Functional?Polymers?2000,?46????????????
??
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????? ???????? ???? ???????? ??? ?????????? ????????????????????? ????????????? ????
????????????????????????? ???Biomaterials???? ??????? ????????????????????????????????????
?????????????
????? ??????????????????????????????????????????????????Biomacromolecules?2005,?6??????
???????????
????? ????????????????????????? ??????????Biomacromolecules?2004,?5????????????????
????? ????????????????????????? ??????????Biomacromolecules?2004,?5?????????????????
????? ?????????????????????????????????????????Carbohydrate?Polymers?1996,?29?????????
????
????? ???????? ???? ???????? ???? ????????? ??? Die?Makromolekulare?Chemie?1975,? 176? ?????
???????????
????? ??????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????
????? ?????????????????? ??????? ??????? ???????????? ??????? ?????????? ???? ??????? ??? ???
Carbohydr.?Polym.?1994,?25?????????????
????? ????????? ??? ?????? ??? ??? ????????? ????????????????????? ???? ????? ??? ?????????
???????????????????????????????????????
????? ?????????Int.?J.?Biol.?Macromol?1991,?13?????????
????? ?????????? ????????????????????????????????????????????????????????????
???Polysaccharides:?Structural?Diversity?and?Functional?Versality.????????????????????? ??????
?????????????????????????????????????????????????????
????? ??????? ??? ??? ??????? ???? ????????? ????? ??? ??? ????????? ??? Polysaccharides?and?
Polyamides? in? the? Food? Industry.? Properties,? Production,? and? Patents?? ????????????? ????
??????????????????? ???????????????????????????????
????? ??????????????????????????????????Carbohydr.?Polym.?1999,?39???????????????
????? ???????????????????????????????????????????????????
??
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????? ????????? ??? ??? ??? ??? Chitosan?production?routes?and? their?role? in?determining? the?
structure? and? properties? of? the? product?? ???? ?????? ?????? ???????? ?????? ???????? ????
??????????? ?????????????? ??????????????????????????????????????
????? ???? ?????? ?????????????Journal?of?Aquatic?Food?Product?Technology?1995,?4??????
????? ?????? ???????????????????????????????????????????????????Carbohyd.?Res.?2001,?332??????
?????
????? ???????????? ????????????????????????????????????????????? ???????????????Biochemistry?
2000,?39???????????????
????? ?????????? ??? ???? ??????????? ???? ??????? ??? ???? ???????? ??? ?????????? ??? ??????????
?????????????????????? ????????? ????? ?? ????? ?????????? ???????? ???????????????????
??????
????? ??????????? ??? ???? ????????? ??? ???? ?????????? ??? ???? ??????? ???? ???????? ???????
??????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????? ???????????????????
????? ?????????????????????????????????????????????????????????????? ????????????????Applied?
Biochemistry?and?Microbiology?2002,?38???????????????
????? ???????? ???? ???????? ???? ????????? ???Die?Makromolekulare?Chemie?1976,?177? ??????
???????????
????? ???????? ???? ???????? ???? ????????? ???Die?Makromolekulare?Chemie?1977,?178? ??????
???????????
????? ???????? ???? ?????????? ???? ??????????????? ???? ??????????? ??? Trends? in?Biotechnology?
2000,?18???????????????
????? ?????????? ???? ??????????? ???? ???????? ???Biomacromolecules?2007,?8? ????? ?????
??????
????? ???????? ???? ??????????? ??? ??? New? approach? in? the? study? of? the? production? of?
chitosan? from? squid?pens:? kinetics,? thermodynamic?and? structural?aspects?? ????????? ???
??????? ????????? ?? ?? ????? ????? ???????? ??????? ???? ????????? ???????????? ????????? ??????
?????????????????????????????????? ?????????????????????? ??????????????????????????
??
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????? ??????????????????? ????????????????????????????Carbohydr.?Polym.?2000,?41??????????
?????
????? ???????? ??????????????Polym?J?1997,?29???????????????
????? ??????????????????????????????????????????????Carbohydr.?Res.?2000,?324? ?????????
?????
????? ??????????????????????? ??? ??????????Carbohydr.?Res.?2000,?326???????????????
????? ??????????????????????????????????????????????????????????????????????????????????
??????????? ?????????????? ?????? ??? ?????????? ??????????? ??????? ???????? ????? ???
????????????????????
????? ????????????????????Carbohydr.?Res.?1975,?41?????????????
????? ??????????? ??? ?????????? ??????????????? ???????????? ??? ??? ????????? ?? ???????????
????????? ??? ????????????????? ?????? ??? ?????????? ??????????? ??????? ???????? ????? ???
????????????????????
????? ??????????????????????????????????????????????????????????????????Biomacromolecules?
2009,?10?????????????????
????? ??????????????????????????????????Analytical?Biochemistry?1991,?193???????????????
????? ?????????? ??J.?of?Polym.?Sci.?1952,?8???????????
????? ?????????????????????Chitin;????????????????? ???????????????
????? ????????????????????????Int?J?of?Biol?Macromol?1991,?13???????????
?????? ????????????????????????????????????????????Carbohydrate?Polymers?1999,?38? ?????
?????????
?????? ?????????Int?J?of?Biol?Macromol?1986,?8???????????
?????? ?????????????????????????? ????????????????????Macromol.?Biosci.?2003,?3???????????
?????? ?????? ??????????????????????????????? ????????Int?J?of?Biol?Macromol?1980,?2??????
?????
??
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?????? ????????????????????????????????????????????????????????????Int?J?of?Biol?Macromol?1992,?
14???????????
?????? ????????????????????? ??Int?J?of?Biol?Macromol?1987,?9???????????
?????? ?????????????????? ??? ????????????Polymer?Bulletin?1991,?26?????????????
?????? ??????????? ??????????Org?Mass?Spectr?1992,?27???????????
?????? ???????? ???? ??????????? ????????????????? ???????????? ???? ????????????????????????????? ????
??????? ?????Biomacromol?2002,?3???????????
?????? ??????????????????? ?????????????????????????????Carbohyd?Res?1993,?238???????
?????? ???????? ????????????????????????????J?of?Appl?Polym?Sci?Part?B?2000,?38?????????????
?????? ?????????????????? ??? ????????????Polym.?Bull.?1991,?26?????????????
?????? ??????? ??? ???? ???????????? ??? ???? ??????????? ???? ?????????? ??? Carbohydr.?Res.?
1991,?211?????????????
?????? ??????????????????????????????????????????????????????????Biomacromolecules?2003,?4?
??????????????
?????? ????????? ???? ??????????? ???? ??????? ???? ???????? ??? Biomacromolecules?2001,? 2? ?????
?????????
?????? ???????????????????????? ??????????Biomacromolecules?2002,?3?????????????????
?????? ???????? ???? ???????? ??? ?????????? ????????????????????? ????????????? ????
??????????? ?????????????? ??? Polymeric?Biomaterials?? ???? ????? ?????????? ???? ????? ???????
???????? ???????????????????????????
?????? ???????????????????????????????????????? ?????Carbohydr.?Res.?1997,?303???????????
?????? ????????????? ????????????? ?????????????????????????????????? ???Carbohydr.?Polym.?
1991,?16???????????????
?????? ?????????? ?????????????? ?? ???????????????????????????????Carbohydr.?Res.?1991,?
217?????????
??
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?????? ?????????? ?????????? ?? ????????????????Carbohydr.?Polym.?1994,?25?????????????
?????? ?????????Int.?J.?Biol.?Macromol.?1993,?15???????????
?????? ????????????Int.?J.?Biol.?Macromol.?1989,?11???????????????
?????? ??????????????? ??????????? ????????????? ???????????? Int.?J.?Biol.?Macromol.?1994,?16??
???????
?????? ??????? ?? ????????????? ????????????????Carbohydr.?Polym.?1996,?29?????????????
?????? ???????????????? ???????????????????????????????????Carbohydr.?Res.?1993,?242??????
?????
?????? ????????? ???? ????????? ??? ????????? ??????????? ??? ?????????? ??? G.? Skjåk?Bræk??
?????????????????????????????????????????????????????????????????????????????
?????? ???????????????????????? ?????????????? ??????????2005,?6???????????????
?????? ??????????? ??????? ??????? ??? ???? ?????????? ??? Carbohydr.?Polym.?1993,? 22? ?????
?????????
?????? ????????? ???? ??????? ???? ?????? ??? ??? International? Journal? of? Biological?
Macromolecules?1993,?15???????????????
?????? ?????? ???????????????????????? ??International?Journal?of?Biological?Macromolecules?
1991,?13???????????????
?????? ??????????? ???????????? ??Carbohydr.?Polym.?2002,?47?????????????
?????? ???????????????????????????????Die?Makromolekulare?Chemie?1988,?189??????????
?????
?????? ??????? ??? ???Macromolecules:?Volume?3:?Physical?Structures?and?Properties;? ?????
??????????????????
?????? ???????????? ???? ??????? ???? ??????? ???? ?????? ???? ?????? ??? Carbohydrate?Polymers?
1992,?18??????
?????? ???????????? ???????????????????????? ??????????????????????Carbohydrate?Research?
1991,?209????????
??
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?????? ???????????? ??? ????????????? ??? ????????????? ?????????????Polymer?2001,?42???????
??????
?????? ??????????? ????????????????????????????????????Carbohydrate?Research?1996,?238??????
?????? ????????????????????? ??Polym.Comm.?1991,?32???????????
?????? ????????????????????? ??Polym?Comm?1984,?25?????????
?????? ??????? ??? ???? ??????? ??? ???? ????????????? ??? ???? ??????????? ??? ???? ?????????? ???
Carbohydr.?Polym.?1996,?31???????????????
?????? ????????? ???? ??????? ???? ???????? ???? ????????????? ???? ??????? ???? ???????? ???
Biomacromolecules?2007,?8?????????????????
?????? ????????????????????????? ?????????????????????????????????Biomacromolecules?2003,?4?
????????????????
?????? ???????? ???? ???????? ???? ???????? ???? ??????? ???? ???????? ??? Langmuir?2003,? 19? ??????
???????????
?????? ???????????????The?journal?of?chemical?Physics?
?1969,?51???????????????
?????? ?????????? ??? ???????????? ??? ???????????????? ??? ????????? ??????????? ?? ????? ???
?????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????
?????? ???????? ??? ??? Chitosan? interactions?? ????????? ??? ??????? ???????? ???? ?????? ??????
????????????????????????????????????? ?????????????????????????????????
?????? ??????????? ???? ???????? ???? ?????? ???? ????? ??? Agricultural?and?Biological?Chemistry?
1978,?42??????????????????
?????? ????????????? ??????? ??? ??????????????Dynamic?Study?of?the?Interaction?Between?
Ions?and?a?30?Monomer?Chitosan?Chain.?? ????????? ??? ??????? ?????????????????????? ??????
?????????????????????????????????? ???????? ??????????????????????????????
?????? ??????? ?? ??Carbohydr.?Polym.?1995,?26???????????????
??
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?????? ????????????? ?????????????????????????????????? ???????????J.?Mater.?Sci.?1998,?33???????
??????
?????? ????????????? ???????????????????? ????????????????????????????????????????????????
???Polymeric?biomaterials??????????? ???????????????????????????????????????????????
?????? ???????? ?????????????????Hydrogels?in?Medicine?and?Pharmacy:?Fundamentals?
???????? ?????????????????????????????????????????
?????? ???????? ??? ??? Thermoreversible? gelation? of? polymers? and? biopolymers;? ?? ?????
?????????????????????????????????????
?????? ?? ?????????????????????????????????????????Polymer?Gels?and?Networks?1993,?1????????
????
?????? ?????????????????????????????????????????????????????????????????????????????????
??? Polymer?Gels;?Fundamentals?and?Biomedical?Applications?? ?? ???????? ??? ???? ??? ??????
???????????????????????????????????? ?????????????????????????
?????? ???????????Angew.?Makromol.?Chem.?1998,?259?????????
?????? ?????????????????????????????????????????????????????????????????????????????????????
Biomacromol?2000,?1???????????
?????? ???????????????????????? ??????????????J.?Membr.?Sci.?2000,?172????????
?????? ??????????? ???? ??? ???? ???????? ??? ???? ??????????? ??? ???? ??? ??????????? STP?Pharm.?Sci.?
1999,?9???????????
?????? ????????????????????? ?? ??Pharm.?Res.?1996,?13???????????????
?????? ????????????????????????????? ?????????????????Macromolecules?1998,?31?????????????
?????? ???????? ???? ??????????? ???? ??????? ???? ?????????? Carbohydr.?Res.?1990,? 201?? ????
?????
?????? ????????????????? ?? ???????????????J.?Polym.?Sci.?A?Polym.?Chem.?2000,?38?????????????
?????? ?????????????? ??????????????????Polymer?1995,?36?????????????
??
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?????? ????????????????????????????????????????????????????? ??????????????????????????????????????
Polym.?Gels?Netw.?1997,?5???????????
?????? ???????????????????????????????????? ????????????? ?????????????????????? ??????????????
Carbohydr.?Polym.?2000,?42???????????
?????? ??????????? ???? ?????????? ???? ??????????? ??? ???? ????????? ???? ????????? ??? Macromol.?
Chem.?Phys.?1995,?196?????????????
?????? ????????? ???? ??????? ???? ??????? ???? ???????? ???? ?????????? ???? ??????????? ????
?????????????? ???Polysaccharides?based?adhesives?for?biological?applications??????????????
?????????????????????????????????????????????????????????????????????????
?????? ???????? ???? ????????? ??? Chitin?and?Chitosan? in?Life?Science;?????????? ????? ?????
??????????????????????
?????? ??????????????Physica?B:?Condensed?Matter?1989,?156?157???????????
?????? ?????????? ??? ???? ????????????? ??? ??? Progress? in?Polymer?Science?1998,? 23? ?????
?????????
?????? ?????????????????????????????????????????? ?????Indian?J?Pharm?Sci?2006,?68???????????
?????? ????????????????????Agric.?Biol.?Chem.?1975,?39?????????????
?????? ??????????????????????????Biopolymers?1976,?15?????????????????
?????? ??????? ??????? ????????? ??? ??? ??? International?Journal?of?Biological?Macromolecules?
1980,?2?????????????
?????? ??????? ??????? ????????? ??? ??? ??? International?Journal?of?Biological?Macromolecules?
1980,?2?????????????
?????? ??????????????????????? ??? ??????????Carbohydr.?Res.?1997,?302?????????????????
?????? ??????????????????????????????????????Journal?of?Controlled?Release?1996,?39?????????
????
?????? ???????????????????? ??? International?Journal?of?Pharmaceutics?2002,?233? ???????????
?????
??
 
 203
?????? ?????????????????????????????????????????????????????????????????Biomaterials?1992,?
13???????????????
?????? ??????? ????????????????????????????? ?? ??Polymer?1997,?38??????????????????
?????? ????????????? ???????? ???? ???????? ???? ??????? ???? ??? ????? ??????????????????????????
????????????????????????????????????????????????????? ??????????????????
?????? ????? ?????????????????????????????????????????? ???Food?Hydrocolloids?2006,?20??????
?????
?????? ???????????????????????? ???????????????????????????????????????????????J.?Appl.?Polym.?Sci.?
1999,?74?????????????????
?????? ???????????????????????????????????? ???????????J.?Polym.?Sci.?1999,?37??????????????????
?????? ???????????????????????International?Journal?of?Pharmaceutics?2000,?201?????????????
?????? ??????????????????????????????????????????????????????????????J.?Appl.?Polym.?Sci.?1997,?
63???????????????
?????? ???????? ???? ?????????????????? ??????? ?????????? ??????????????? ??????????Eur.?J.?Pharm.?
Biopharm.?2004,?57?????????????
?????? ???????????????????????????????????????Pharmaceutical?Research?1989,?6??????????
?????
?????? ?????????????????????????????????????????????????????????Eur.?J.?Pharm.?Biopharm.?2004,?
57?????????????
?????? ???????????????????????????????????????????????????????????Applied?Science????????
???????
?????? ???????????????????????????????????????????????????????????????????? ???????????????????????????J.?
Biomater.?Sci.?Polym.?1999,?10???????????
?????? ????? ??? ???? ???? ???? ??????? ???? ??????? ??? ??? ???? ????? ??? Die? Angewandte?
Makromolekulare?Chemie?1997,?245?????????????
?????? ??????????????????????????Chitin?Enzymol.?2000,?2??????????
??
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?????? ?????????????????? ???????????????????????? ??Polymer?bulletin?2003,?50???????????????
?????? ??????????????????????????????????????????????????????????Langmuir?2007,?23? ??????
?????????????
?????? ????????????????????????????????????????????????????????????????????????Langmuir?2004,?
20?????????????
?????? ????????? ?? ??? ??????????Biomaterials?1993,?14???????????
?????? ????????? ?? ??? ??????????Biomaterials?1995,?16????????????????
?????? ????????? ?? ??? ??????????Biomaterials?1996,?17???????????????
?????? ???????? ???? ??????? ???? ??????? ???? ???????? ???? ???????? ??? Langmuir?2008,? 24? ??????
?????????????
?????? ?????? ??????? ??????????? ????????J.?Appl.?Polym.?Sci.?1997,?65?????????????????
?????? ?????????????Adv.?Drug?Deliv.?Rev.?2001,?52???????????????
?????? ?????????????????? ?? ??? ??? ?????J.?Appl.?Polym.?Sci.?1997,?63???????????????
?????? ???????????????????????J.??Biomed.?Mater.?Res.?1978,?12???????????????
?????? ?????????????????????????????????????????????????????????????????????????????????
??? ???????????????????????????????????????????????????????????????
?????? ????????? ?????????????? ??????????Biomacromolecules?2005,?6?????????????????
?????? ?????????????? ??????? ?????Biomaterials?2003,?24??????????????????
?????? ???????????????????? ?????AIChE?Journal?2003,?49??????????????????
?????? ???????? ??? ???? ??????? ???? ???????????? ???? ?????????? ??? European? Journal? of?
Pharmaceutics?and?Biopharmaceutics?2000,?50?????????????
?????? ???????????????Advanced?Drug?Delivery?Reviews?2002,?54????????????
??
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?????? ???????????????????? ??? ???????????? ???????????? ?????????? ??? ???????????
???????????? ?? ????????????? ??????????? ????? ??? ????????????? ??? ??????????? ??? ?? ????????
??????????????????????????????????????????????????
?????? ????????? ???? ??????? ???? ?????? ???? ?????? ???? ??????? ???? ????????????? ???? ???????? ???
Biomaterials?2007,?28??????????????????
?????? ??????????????? ??? ???????????? ??? ???????????????? ???????????? ?????????? ???
?????????? ????? ??? ?????????????? ?????????????? ???? ?????????? ?????? ???????? ??????????? ???
????????????????????????????????????
?????? ??????? ??? ???????????? ??? ?????? ???? ??????????? ????? ???????????? ??????
???????????????? ????????????????????????????????????????????????????????????
?????? ??????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????? ????????????????????
?????? ????????????????????????????? ??????????????????Acta?Biomaterialia?2006,?2? ?????????
?????
?????? ?????????????????????????????????????????????? ????????????????????????????????????????
???????? ??????? ??????????? ???? ?????????? ????????? ?????? ???? ????? ?????????
??????????????????????
?????? ??????? ??? ?????? ????????????? ??? ?????????????? ??? ???? ??????????? ??? ??????? ???
?????????? ????? ??? ?????? ?????? ?????????????? ???????????? ??????????? ????? ???
????????????????????
?????? ????????????Application?des?techniques?de?diffusion?de?la?lumière,?des?rayons?X?et?des?
neutrons?à?l'étude?des?systèmes?colloïdaux;???????????????????????
?????? ??????????? ?????????Introduction?à?la?physique?des?polymères;? ???????????????????
?????? ?????????? ??? ???? ????? ??? ???? ????????? ??? ???????????? ??????????? ??? ??????? ????
?????????? ??? X?Ray?Characterization?of?Materials?? ????????? ???? ????? ??????????? ?????? ??
?????
?????? ?????????????Proc.?Roy.?Soc.?(London)?1911,?A?84??????
??
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?????? ????????????Ann.?Phys.?1939,?12???????
?????? ??????????????????????????Acta?Physica?Austriaca?1962,?15???????
?????? ??????????Acta?Physica?Austriaca?1948,?2???????
?????? ???????????? ??? ????????????J.?Appl.?Phys.?1959,?30???????????????
?????? ???????????????????????????J.?Appl.?Phys.?1947,?18???????????????
?????? ??????????????????????????Acta?Physica?Austriaca?1951,?14???????
?????? ????????????Bull.?soc.?franc.?mineral.?crist.?1951,?74??????
?????? ??????????????????????????Acta?Physia?Austriaca?1951,?74??????
?????? ????????????? ????????????Smal?Angle?Scattering?of?X?Rays;????????????????????????
????????????
?????? ????????????????????????Small?Angle?X?Ray?Scattering;???????????????? ?????????????
??????
?????? ??????????????????????????? ??Journal?of?Non?crystalline?Solids?1994,?172??174??????
?????
?????? ??????????????????????????????????????? ???????????????Europhysics?Letters?2003,?62??????
?????????
?????? ???????????????????????????????????????????????????????????Macromolecules?1994,?
27??????????????????
?????? ??????????????????????????? ????????? ????????????????Polymer?2005,?46?????????????
?????? ??????? ?? ?? ??????????????????????????????????????
?????? ???????????????????????????? ??Biopolymers?2004,?73?????????????
?????? ???????????????????????????? ??J.?Appl.?Polym.?Sci.?1997,?66???????????????
?????? ????????????? ???????J.?Appl.?Polym.?Sci.?1993,?50??????????????????
??
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?????? ?????????? ???? ????????? ???? ???????????? ??? ???????? ???? ???? ???????????? ??? ?????????
?????????????????????????????????
?????? ???????????????? ?????????? ??J.?Appl.?Polym.?Sci.?2006,?100?????????????????
?????? ??????????????????????????????????????????? ??J.?Appl.?Polym.?Sci.?1999,?72????????????
??????
?????? ???????????????????????Advances?in?chitin?sciences?2002,?5???????????
?????? ?????????????? ??????????????????????????????????????????????????????????????????
??????????????????Applications?of?Chitin?and?Chitosan????????????????????????????????????????
?????????????
?????? ???????????????????????????????????????????????????????????????????? ???????????????
????????????????????Advances?in?chitin?sciences??????????????????????????????????????????? ???
??????????????????????????????????????????????????????
?????? ???????? ???? ?????????? ???? ??????? ???? ????? ??? ???? ??????? ??? ???? ??????????? ???
Carbohydr?Polymers?1999,?38???????????
?????? ???????????????????????? ???????????????? ????????????????Biomacromolecules?2001,?2?
??????????????
?????? ??????????? ???? ???????????????????? ???? ?????????? ???? ?????? ??? ??? Drug.?Dev.? Ind.?
Pharm.?2001,?27?????????????????
?????? ??????????????????????Polym.?Adv.?Technol.?1997,?8???????????????
?????? ??????????????????? ?????????????????????????????????????????????????????????J.?Biomed.?
Mater.?Res.?2006,?77A???????????????
?????? ???????? ???? ???????????? ???? ????? ????? ???? ?????????? ??? ???Biomaterials?2005,? 26?
?????????????????
?????? ????????????????? ???????????????????????? ????????????????????Biomaterials?2003,?24?
?????????????????
??
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?????? ????????????????????????????????????????????????????????????????????????????????
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RESUME en français 
Ce travail a eu pour objectif  la mise au point d'un nouveau procédé de filage par voie humide dans des 
conditions de coagulation interrompue pour la formation des fibres creuses mono- et multi-
membranaire à base d’hydrogels de chitosane. Pour cela, l’étude du rôle des paramètres de filage 
(vitesse d’extrusion et d’étirage) et des paramètres physico-chimiques de coagulation (concentration 
du collodion, nature et concentration de l’agent coagulant) a d'abord permis d’élaborer des fibres 
creuses à partir d’un macrofilament liquide. Cette approche a été généralisée pour la fabrication de 
fibres creuses multi-membranaires en mettant au point un procédé de neutralisation à plusieurs étapes 
au moyen de bains successifs de coagulation/lavage conduisant ainsi à ??? ?????????? ????? ???????????
??? ?????????? ??? ?????????? ?????????????? En modifiant la viscosité du collodion et la nature et 
concentration de la base neutralisante, la microstructure des hydrogels de chitosane a été analysée par 
diffusion/diffraction de rayonnement (X et lumière) et microscopie électronique. Selon les conditions 
de coagulation, il est possible de former des hydrogels par assemblages d'agrégats ou encore des 
structures bien organisées comme les gels de chitosane avec micro-canaux. En résumé, ce travail a 
permis d’apporter de nouveaux éléments sur le phénomène de coagulation du chitosane pour la 
formation d’une large gamme de matériaux bio-inspirés "leurres des milieux biologiques" à propriétés 
biologiques contrôlées pour l'ingénierie tissulaire: tube creux ou multi-membranaires comme substituts 
vasculaires,  ou comme guides pour régénération nerveuse, etc. 
___________________________________________________________________________ 
TITRE en anglais 
Hollow and multi-membrane chitosan physical hydrogels: Process of elaboration and 
microstructural study 
___________________________________________________________________________ 
RESUME en anglais 
The main objective of this work was to develop an interrupted wet-spinning process for the 
elaboration of hollow and multi-membrane chitosane fibers. The knowledge of the specific role of the 
processing parameters (extrusion rate and coagulation time) and physico-chemical parameters of 
coagulation (chitosane dope concentration, nature and concentration of the coagulant agent) allow us 
to elaborate hollow fibers from a liquid macrofiber of chitosane by interrupting the coagulation step 
through water washing. This approach was generalized for the elaboration of multi-membrane hollow 
fibers by alternating coagulation baths and water washing baths in a sequenced coagulation process. 
By modifying the dope viscosity and the nature and concentration of the coagulant agent, the 
microstructure of chitosan hydrogels was studied by specific scattering and microscopy techniques. 
Depending on the coagulation conditions, it was possible to process hydrogels with different 
microstructure ??????????? ??? ??????????? ?????????? ????? ???????????? ????????? ??? ?????????? ?????
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